1. Background
=============

Kawasaki disease (KD) is the most common cause of acquired coronary artery disease and myocardial infarction in children ([@A6189REF1]). Coronary artery involvement is the most serious complication of this vasculitis syndrome ([@A6189REF2], [@A6189REF3]). There are various echocardiographic criteria for the diagnosis of coronary artery involvement. These criteria are based on either absolute values set according to age in accordance with the values recommended by the ministry of health and welfare of Japan, or Z scores obtained by various methods ([@A6189REF4]-[@A6189REF7]). Recently, a few studies reported the ratio of the size of the coronary arteries to that of the aortic annulus in healthy children ([@A6189REF8], [@A6189REF9]). Timely recognition of coronary artery involvement is important to prevent the devastating cardiac complications of KD ([@A6189REF10], [@A6189REF11]).

However, after more than four decades of the first KD report by Dr. Tomisaku Kawasaki in 1974, there is no international consensus on the criteria for diagnosing abnormal coronary arteries in KD ([@A6189REF12]-[@A6189REF15]). Investigators have reported the limitations of the known methods for assessing coronary artery abnormalities ([@A6189REF16], [@A6189REF17]). The main limitation of using Z scores is that the Z score varies with different methods of calculation even when the same set of absolute values is used. Moreover, there is yet no consensus on the appropriate method for calculating Z scores ([@A6189REF5], [@A6189REF6], [@A6189REF18]-[@A6189REF22]). The other drawback with Z scores is that one always needs access to the nomograms or a Z score calculator in order to be able to classify a coronary artery as "normal" or "abnormal." There is therefore a need for a feasible and reliable method for determining the "normality" of the size of the coronary arteries in KD ([@A6189REF23], [@A6189REF24]).

2. Objectives
=============

Based on the delicate mathematical proportions of the various structures of the human body (such as the McGoon ratio), we investigated the sensitivity and specificity of three novel echocardiographic indices by measuring the diameter of three relevant vessels, i.e., the left main coronary artery (LMCA), the coronary sinus (CS) and aorta (A). We calculated the ratio of the internal diameter of the LMCA to the internal diameter of the CS and aortic annulus. We compared our results with the results of three currently used methods of Z score calculation for LMCA in children ([@A6189REF5], [@A6189REF6], [@A6189REF25]). Another objective of this study was to define the cut-off scores for these indices for differentiating between normal and abnormal LMCA in children with KD.

3. Methods
==========

Between January 2013 and January 2015, a prospective case-control study was performed on 38 children with KD and 31 age- and sex-matched normal children at the Pediatrics Center of Excellence. The control group consisted of age- and sex-matched infants and children who were diagnosed with a normal heart and referred for evaluation of a murmur, palpitation or cardiac evaluation prior to participation in competitive sports.

Consecutively admitted patients who met the diagnostic criteria for KD were enrolled ([@A6189REF4]). Children with any of the following conditions were excluded from the study: 1) febrile illness other than confirmed KD ([@A6189REF26]), 2) co-existence of any congenital heart disease except for patent foramen ovale and mild mitral valve prolapse without mitral valve regurgitation, 3) history of previous KD, 4) any other congenital or acquired heart disease that could lead to coronary artery dilation such as systemic-onset juvenile rheumatoid arthritis and sickle-cell disease ([@A6189REF27], [@A6189REF28]), 5) any associated genetic or congenital abnormality, and 6) cardiac arrhythmia.

All the patients underwent complete M-mode, two-dimensional color Doppler echocardiography with the EKO 7 Cardiovascular Ultrasound System (Samsung Medison Co. Ltd.). The procedure was performed by a single senior pediatric cardiologist (EMR) or a senior pediatric cardiology fellow (RR) within 24 hours of admission and 4 - 6 weeks later. Chloral hydrate syrup was administered at a dose of 50 mg/kg to irritable and uncooperative patients with KD. All measurements were performed according to the guidelines reported by Lopez and his colleagues ([@A6189REF29]). Evaluation of coronary arteries was performed as described earlier ([@A6189REF30]). The internal diameter of the left coronary artery and ascending aorta was measured as described before in all the study groups ([@A6189REF31]).

The diameter of the coronary sinus was measured next to the ventricular septum in the modified four-chamber view, as shown in [Figure 1](#A6189FIG1){ref-type="fig"}, by M-mode echocardiography. The diameter of the aorta was measured according to the method described by Goldstein et al. at segment one of the aorta ([@A6189REF32]). Each measurement was repeated for three to five consecutive beats using M-mode echocardiography at a sweep speed of 100 mm/s. The average value of the recordings was calculated. The largest size recorded for each cycle was considered as the final value for all three vessels.

![Measurement of the Diameter of the Coronary Sinus\
The largest diameter measured for the coronary sinus (coincident with the onset of QRS on the ECG scan) was measured, and the average value from five consecutive cardiac cycles was calculated.](ijp-26-04-6189-g001){#A6189FIG1}

We calculated the three allometric indices of the LMCA in the case and control groups as shown below:
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We excluded three patients after the start of the study. In the case of the first patient, the urine culture was positive for..., and the other two patients had been subsequently diagnosed with systemic-onset juvenile rheumatoid arthritis.

The remaining 35 patients underwent complete echocardiographic examination. The second echocardiographic examination was carried out 4 to 6 weeks later. Twelve patients were lost to follow up because they were not referred to the hospital again. The profile of the study group is shown in [Figure 2](#A6189FIG2){ref-type="fig"}. Patients were classified as "normal" only after a thorough echocardiographic evaluation excluded the presence of any dilation or thrombosis in the right and left coronary arteries and their major branches, including the left anterior descending coronary artery. We compared our findings with the currently available Z score datasets. For ethical reasons, we did not use coronary angiography as the gold standard for comparison. The age and sex distribution of the control group was almost similar to that of the patient group.

![Categorization of the Study Population, Including Both Case and Control Groups, into the Three Main Groups (A, B and C)](ijp-26-04-6189-i001){#A6189FIG2}

3.1. Statistical Analysis
-------------------------

All data were analyzed using SPSS version 18 (SPSS Inc., Chicago). Descriptive analysis of age; weight; height; and size of the LMCA, CS and aorta was performed. We used the general linear model to compare the Z scores. P values ≤ 0.05 were considered to indicate statistical significance. We compared the results of the case and control groups using an independent t-test. We used receiver operating characteristic (ROC) curves for determination of the cut-off scores for each of the indices. For each ratio, ROC analysis was used to compare participants with "normal" coronary arteries and "abnormal" LMCA ([Table 1](#A6189TBL1){ref-type="table"}). Therefore, eight ROC curves were drawn for each of the ratios, and a total of 24 curves were drawn for all the three ratios.

###### Receiver Operating Characteristic (ROC) Analysis of the Left Main Coronary Artery Based on Various Definitions of Normal and Abnormal

  Number of Groups   Abnormal LMCA Group   Normal LMCA Group
  ------------------ --------------------- -------------------
  **1**              A                     C
  **2**              B                     C
  **3**              A1                    A2
  **4**              B1                    B2
  **5**              A1                    C
  **6**              B1                    C
  **7**              A1                    A2, B2 and C
  **8**              B1                    A2, B2 and C

4. Results
==========

4.1. Demographic Data and Absolute Values for the LMCA, CS, and A
-----------------------------------------------------------------

The demographic data for both the case and control groups are presented in [Table 2](#A6189TBL2){ref-type="table"}. The absolute values of the internal diameter of the LMCA, CS and ascending aorta are presented in [Table 3](#A6189TBL3){ref-type="table"}.

###### Demographic Data of the Study Group (Case and Control Groups)

                                   Case                   Control                P Value
  -------------------------------- ---------------------- ---------------------- ---------
  **Age, range**                   4 months to 11 years   2 months to 11 years   
  **Age, mean ± SD**               39.89 ± 32/969         53.74 ± 38/179         0.119
  **Weight, kg, mean ± SD**        14.19 ± 5.6 03         17.06 ± 8/966          0.119
  **Female/male ratio, No. (%)**   15 (42.9)/20 (57.1)    15 (48.4), 16 (51.6)   0.65

###### Absolute Values of the Internal Diameter of the Left Main Coronary Artery, Coronary Sinus and Ascending Aorta at the Sino-Tubular Junction

                                                                Case           Control (Group C)   P Value (Group A vs. Group C)   P Value (Group B vs. Group C)   
  ------------------------------------------------------------- -------------- ------------------- ------------------------------- ------------------------------- -------
  **Internal diameter of the left main coronary artery (mm)**   2.59 ± 1.32    2.99 ± 2.09         1.92 ± 0.363                    0.007                           0.023
  **Internal diameter of the coronary sinus (mm)**              4.70 ± 1.87    5.31 ± 2.29         5.87 ± 2.09                     0.019                           0.356
  **Internal diameter of the ascending aorta (mm)**             13.95 ± 2.93   13.63 ± 3.68        14.50 ± 3.90                    0.515                           0.407

4.2. LMCA/A, LMCA/CS and LMCA/CS/A Ratios
-----------------------------------------

The values are shown in [Table 4](#A6189TBL4){ref-type="table"}.

###### Values of the LMCA/A, LMCA/CS and LMCA/CS/A Ratios

  Indices         Case Groups^[a](#A6189TBL4FN1){ref-type="table-fn"}^   Control Group^[a](#A6189TBL4FN1){ref-type="table-fn"}^   P Value                       
  --------------- ------------------------------------------------------ -------------------------------------------------------- -------------- -------------- -------
  **LMCA/A**      0.19 ± 0.10                                            0.004                                                    0.23 ± 0.15    0.13 ± 0.03    0.007
  **LMCA/CS**     0.62 ± 0.38                                            \< 0.001                                                 0.60 ± 0.32    0.36 ± 0.13    0.003
  **LMCA/CS/A**   0.05 ± 0.32                                            0.002                                                    0.05 ± 0.025   0.027 ± 0.01   0.003

^a^Values are presented as mean ± SD.

4.3. Comparison of the Calculated Z Scores
------------------------------------------

General linear model analysis revealed a significant difference among the Z scores obtained using the various methods ([Table 5](#A6189TBL5){ref-type="table"}).

###### Comparison of the Different Methods of Z Score Calculation in the Case and Control Groups

  Group   LMCA (mm)     Z Scores with Our Method^[a](#A6189TBL5FN1){ref-type="table-fn"}^   Z Scores Based on the McCrindle et al. Method^[a](#A6189TBL5FN1){ref-type="table-fn"}^   Z Scores Based on the Dallaire et al. Method^[a](#A6189TBL5FN1){ref-type="table-fn"}^   Z Scores Based on the Olivieri et al. Method^[a](#A6189TBL5FN1){ref-type="table-fn"}^   P Value
  ------- ------------- ------------------------------------------------------------------- ---------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------- -----------
  **A**   2.59 ± 1.32   0.19 ± 0.10                                                         0.76 ± 3.40                                                                              1.52 ± 3.66                                                                             0.63 ± 2.37                                                                             \< 0.0001
  **B**   2.99 ± 2.09   0.62 ± 0.38                                                         1.70 ± 5.34                                                                              2.50 ± 5.70                                                                             1.01 ± 3.03                                                                             0.003
  **C**   1.91 ± 0.36   0.05 ± 0.32                                                         -1.13 ± 0.86                                                                             -0.55 ± 0.99                                                                            -0.81 ± 1.22                                                                            \< 0.0001

^a^Values are presented as mean ± SD.

4.4. Cut-Off Scores for the LMCA/A, LMCA/CS and LMCA/CS/A Ratios
----------------------------------------------------------------

We drew eight ROC curves, as shown in [Figure 3](#A6189FIG3){ref-type="fig"}. The cut-off scores for each index are tabulated in [Tables 6](#A6189TBL6){ref-type="table"} - [8](#A6189TBL8){ref-type="table"}.

![ROC Curves for the LMCA/A Ratio of the Indicated Groups](ijp-26-04-6189-i002){#A6189FIG3}

###### Cut-Off Scores for the LMCA/A Ratio Under All Eight Conditions\*

  Normal Versus Abnormal Group(s)     Cut-Off Score   Sensitivity   Specificity   P Value
  ----------------------------------- --------------- ------------- ------------- ----------
  **Groups A versus C**               0.159           60            81            0.005
  **Groups B versus C**               0.145           65            62            0.010
  **Groups A1 versus C**              0.238           87.5          100           \< 0.001
  **Groups B1 versus C**              0.232           100           100           \< 0.001
  **Groups A1 versus A2**             0.250           87.5          100           \< 0.001
  **Groups B1 versus B2**             0.235           100           83            0.004
  **Groups A1 versus A2, B2 and C**   0.250           87.5          100           \< 0.001
  **Groups B1 versus A2, B2 and C**   0.235           100           94            0.001

###### Cut-Off Scores for the LMCA/CS Ratio Under All Eight Conditions\*

  Normal Versus Abnormal Group(s)     Cut-Off Score   Sensitivity   Specificity   P Value
  ----------------------------------- --------------- ------------- ------------- ----------
  **Groups A versus C**               0.443           62            81            \< 0.001
  **Groups B versus C**               0.398           69            71            0.002
  **Groups A1 versus C**              0.835           87.5          100           \< 0.001
  **Groups B1 versus C**              0.728           100           100           \< 0.001
  **Groups A1 versus A2**             0.894           87.5          100           \< 0.001
  **Groups B1 versus B2**             0.712           100           89            0.002
  **Groups A1 versus A2, B2 and C**   0.894           87.5          100           \< 0.001
  **Groups B1 versus A2, B2 and C**   0.729           100           96            \< 0.001

###### Cut-Off Scores for the LMCA/CS/A Ratio Under All Eight Conditions\*

  Normal Versus Abnormal Group(s)     Cut-Off Score   Sensitivity   Specificity   P Value
  ----------------------------------- --------------- ------------- ------------- ----------
  **Groups A versus C**               0.031           63            75            0.002
  **Groups B versus C**               0.031           60            74            0.004
  **Groups A1 versus C**              0.056           87.5          97            \< 0.001
  **Groups B1 versus C**              0.056           100           97            \< 0.001
  **Groups A1 versus A2**             0.059           87.5          96            \< 0.001
  **Groups B1 versus B2**             0.059           100           89            0.006
  **Groups A1 versus A2, B2 and C**   0.059           87.5          97            \< 0.001
  **Groups B1 versus A2, B2 and C**   0.056           100           94            \< 0.001

4.5. Cut-Off Scores of the Three Ratios
---------------------------------------

For LMCA/A, we found that a cut-off score of 0.23 in the acute phase had 60% sensitivity and 80% specificity. Further, a cut-off score of 0.23 had 100% sensitivity and 100% specificity in the subacute phase.

A cut-off score of 0.44 for LMCA/CS in the acute phase had 62% sensitivity and 81% specificity, while a cut-off score of 0.73 had 100% sensitivity and 100% specificity in the follow-up echocardiographic examination conducted 4 - 6 weeks later.

For LMCA/CS/A, a cut-off score of 0.03 in the acute phase had 62% sensitivity and 81% specificity. Further, at 4 - 6 weeks, a cut-off score of 0.73 had 100% sensitivity and 100% specificity.

5. Discussion
=============

5.1. The Novel Indices and Their Cut-Off Values
-----------------------------------------------

We introduce three novel indices for assessment of the LMCA in children with KD. Our study showed that an LMCA/A ratio of \> 0.23, an LMCA/CS ratio of \> 0.44 and an LMCA/CS/A ratio of \> 0.03 has 60% sensitivity and 80% specificity for the detection of LMCA abnormalities in patients with KD who are in the very acute phase of the disease. Only one of these indices (LMCA/A) has already been reported in normal children ([@A6189REF9]). Zhang and his colleagues reported a mean (± SD) value of 0.24 ± 0.06 for the LMCA/A ratio in 506 healthy children aged 1 to 11 years in China ([@A6189REF10]), whereas Tan and his colleagues reported a value of 0.15 ± 0.02 mm for the LMCA/A ratio in 390 normal Asian infants and children ranging in age from 2 months to 8 years. As can be seen, our value (0.13 ± 0.03) is close to that reported by the latter study ([@A6189REF11]).

5.2. Disadvantages of the Currently Used Methods
------------------------------------------------

There are three main methods for measurement of the coronary arteries in KD: The first method is based on the absolute values of the internal diameter of coronary arteries, according to the criteria of the ministry of health of Japan. The second measurement method is based on body-surface-area-adjusted Z scores, and the third method is a combination of the two above measurements, such as the one recommended by the american heart association ([@A6189REF33]).

There are two main shortcomings of the current methods of Z score calculation. The main limitation is the difference in the Z scores obtained with the different methods even when the same set of values are used, and the second limitation is the lack of consensus on the appropriate method of choice.

As shown in [Table 5](#A6189TBL5){ref-type="table"}, we found a disparity in the results obtained with the different methods of Z score calculation both in the case and control groups. Although no other study similar to ours has been performed so far, the disadvantages of these methods have been reported by others ([@A6189REF5]). For example, de Zorzi and his colleagues indicated that using the criteria of the ministry of health of Japan for differentiation between normal and abnormal coronary arteries can lead to underestimation of coronary artery involvement in KD ([@A6189REF16]). Further, Manlhiot et al. retrospectively studied 1356 children with KD over a 17-year period ([@A6189REF7]) and concluded that some coronary artery abnormalities are missed by the AHA classification. Moreover, they found that the Z scores of subcategories sometimes overlap, as a result of which giant coronary artery aneurysms can be missed. Dallaire and his co-workers conducted a study on 1033 normal children in which they provided the predicted values and threshold values for the Z score for the LMCA/AO ratio ([@A6189REF5]). In another study, they introduced the term "occult dilation," which indicated a decrease in the size of coronary arteries despite consistent normal scores; this was observed in 63 of 197 children with KD ([@A6189REF31]). Hence, there is a need for consensus on the method of choice for the calculation of Z scores for coronary arteries, including the LMCA, in KD.

Another disadvantage of these methods is that a nomogram is required at all times in order to assess the normality of the LMCA.

5.3. Advantages of the Three Novel Allometric Indices
-----------------------------------------------------

The indices used in the present study are well-tailored and individualized to each patient's specific anatomical features, as the coronary artery is compared to the relevant vessels in the same person. Further, this method is user friendly and simple to use. The cut-off scores are simple to memorize and there is no need for nomograms and Z score calculators to determine the normality of the size of the LMCA.

5.4. Decrease in the Size of the CS and Its Implications
--------------------------------------------------------

An interesting finding of this study was that the diameter of the CS had decreased in size in the very acute phase of KD. This may reflect a decrease in coronary blood flow in the LMCA in the very acute phase of KD in children. Cicala et al. showed a decrease in coronary flow reserve in children with a previous history of KD ([@A6189REF34]). Moreover, Ohkubo and colleagues reported that decrease in shear stress and disturbance in coronary blood flow may lead to the formation of aneurysms in the coronary arteries of these patients ([@A6189REF35]). However, to date, no study has quantified coronary blood flow in children in the very acute phase of KD. Considering the physiologic and anatomic features of the CS, there may be some merit in measuring the size of the CS in KD ([@A6189REF36], [@A6189REF37]).

5.5. Conclusion
---------------

This study shows that the three indices measured here are reliable for the detection of abnormalities in the LMCA and do not require the use of Z score nomograms. Our findings also indicate that the size of the CS is significantly decreased in the very acute phase of KD. This may indicate alterations in coronary blood flow due to acute pathologic changes in the vessel wall. This paradoxical observation between the size of the coronary artery and coronary sinus warrants further investigation.

5.6. Limitations
----------------

This study has several limitations that need to be addressed in future studies. Although several patients were evaluated simultaneously by both the echocardiographers and their diagnosis was the same, interobserver agreement was not calculated using the kappa statistic. The fellow who performed the analysis was a well-trained senior fellow who at the time of submission had graduated. The second limitation is the small number of patients, which limits the generalizability of our findings. Thus, future studies should be conducted in which these cut-off values are applied for the detection of dilated coronary arteries in children with KD.
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